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A NEW ISOSTATIC MODEL OF THE EARTH

Konstantin F. TYAPKIN*

The proposed new model, called geoisostatic model, based on the assumption that the weights 
of the Earth’s sectors being cut off by similar spatial angles, should be equal. The differences between 
geoid and corresponding spheroid may serve as a criterion of the Earth’s equilibrium. Based on this 
assumption the equilibrium can be quantitatively investigated using gravity anomalies.

d: isostasy, geoid, spheroid, gravity anomalies

1. Introduction

The theory of the equilibrium state of the Earth, isostasy, originated from 
geophysical investigations in the middle of the 19th century. It was established 
that the form of the Earth approximates the equilibrium figure a rotating liquid. 
The spheroid, or theoretical geoid, slightly differs from the sphere and is 
characterized by flattening a=  1/298 depending on the angular velocity and the 
law of mass distribution in the interior part of the Earth [L eiben so n  1955].

The theory of isostasy and the history of its development being widely 
known, we confine ourselves to the essential notions necessary for further 
explanations.

a) Even at the beginning of its development, practical considerations 
required that the isostasy theory consider the Earth's crust equilibrium instead 
of that of the Earth as a planet. Such an approach has been observed up till now 
though, “the Earth’s crust” has been substituted by “lithosphere”. By isostatic 
state we understand a state such that the Earth's crust is placed over the 
substrate as if  it had “swum” over the latter obeying Archimedes law [L u s t ic k  
1957]. The natural consequence of such a supposition is the equality of pressure 
upon some surface in the substrate called the compensation surface.

b) The gravitational method was and remains fundamental but not unique 
in isostatic investigations of the Earth’s crust. In the development of the isostasy 
concept various models were proposed [Airy, Pratt, Bowie, Vening-Meinesz, 
etc]. The distinguishing feature of all these models is that the surface relief served 
as the only indicator both of mass distribution in the Earth’s crust and of the 
state of its equilibrium in particular. Consequently, all conclusions concerning 
the isostasy of the continents based on those schemes would correspond only 
to the influence of equilibrium of the masses above the geoid level.
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G o l y iz d r a  [1972] developed the concept of isostasy of plane areas in which 
the above-mentioned schemes of the Earth’s crust equilibrium were also taken 
as a basis but, along with topographic masses, the heterogeneities in the upper 
part of the Earth’s crust revealed using geological and geophysical methods were 
taken as the indicators of the equilibrium state of the lithosphere. The author 
showed that under the conditions of plane relief of the Ukrainian shield if 
surface heterogeneities are available and the amplitude variations of the gravita
tional field are within a hundred milligals, the Earth’s crust state in general 
approaches isostasy.

c) Since all current isostatic models are based on the interrelation between 
the relief changes, the heterogeneities in the upper parts of the Earth’s crust and 
the distribution of the compensational masses in the lithosphere, the question 
was often raised concerning the dependence between isostasy and tectonics [see, 
e.g. V e n in g -M ein esz  1940; A rtem yev  and A r t y u s h k o v , 1967].

Though the interrelation between mass redistribution in the lithosphere 
and tectonics seems to be the closest the concrete role of isostatic forces in the 
formation of tectonic structures has not yet been established. It is quite remark
able that recent crustal movements registered in different regions are oriented 
both in the direction of equilibrium as determined by the above-mentioned 
models as well as in the opposite direction. The distinct dependence may be 
observed only in the direct relation between the imbalance manifestations and 
the recent tectonic activities in different regions.

d) The isostasy concept assumes that the rotational regime of the Earth 
(angular velocity and position of axis of rotation) is constant as is the corres
ponding figure of equilibrium. 2

2. Geoisostasy

Isostatic compensation models used for equilibrium studies of the Earth’s 
crust in the initial period of the isostasy concept were accepted because at that 
time most geologists thought that the Earth’s crust “was floating” over magma. 
Modern concepts of the Earth’s structure show that such models are incomplete 
because they deal only with the upper part of the planet and neglect the 
remainder. An attempt to substitute the role of magmatic substrate by a hypoth
etical asthenosphere layer does not improve the situation.

Here it appears more constructive to introduce a new model of the equili
brium state of the Earth as a planet; we will name this “geoisostasy”. Such a 
model should correspond to a state of the Earth which the latter would take if 
all the substrate were liquid without being mixed. This would allow Earth to 
be characterized by a system of equipotential surfaces which are similar to 
spheroids in whose formation the whole of the Earth would have taken part 
including the hydrosphere the atmosphere and even the associated physical 
fields. Obviously the special role of spheroid coinciding with the geoid must be 
emphasized. As mentioned above the latter is characterized by flattening
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a = 1/298. Flattening of internal spheroids decreases gradually towards the 
centre of the Earth.

It is pointed out that even though it is not absolutely essential to introduce 
in geoisostasy, in its general sense being equivalent to Pascal’s law, equal weights 
of the Earth’s sectors cut off by the similar spatial angles (Fig.la) may be taken 
as one of the equilibrium conditions. It can be expressed as

00

AQ J a(r)g(r)r2 dr = const, (1)
о

where a (r) is the density distribution function g (r) the acceleration due to 
gravity at points of the sector at a distance r from the centre of the Earth. 

Expression (1) may be given as

(Ri Re oo ^
AQ < j o(r)g(r)r2 dr + J o(r)g(r)r2 dr+ J a(r)g(r)r2 dr> = const, (2)
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where /?, is the external radius of the Earth’s quasi-liquid core; Re the mean
radius of the geoid in the sector observed.

Fig. 1. Determination of geoisostasy model 

1. ábra. A geoizosztázia modelljének meghatározása 

Рис. I. Определение модели геоизостазии

Using geoisostasy, this condition may be simplified by neglecting the first 
and third members on the left-hand side of equation (2)

Re
AQ J o(r)g(r)r2 dr = const (3)
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The first member of equation (2) may be ignored if we assume a quasi
liquid core: “In the case of fluid Earth the equipotential surfaces are at the same 
time the surfaces of equal pressures” [M ik h a il o v  1938]. The third member of 
equation (2) can be neglected because of its negligible value compared with the 
second member. It is of essential value only when studying the atmospheric 
phenomena.

Condition (3) is necessary but not sufficient to support geoisostasy.
The second geoisostasy condition makes a provision for the range of 

densities in the interior parts of the Earth within which the potential values 
would correspond to those of the level surfaces calculated in assuming that the 
shells of the rotating Earth are liquid. Therefore, the divergences of the actual 
level surfaces from the theoretical ones would serve as a criterion for the Earth’s 
equilibrium at each of those points. For practical purposes it would be more 
convenient to estimate the Earth’s equilibrium for the points of its outer shell 
(geoid). As a criterion for the Earth’s equilibrium we take the differences in 
heights (C) between the geoid and the corresponding spheroid

C = Rg- R s, (4)

where Rg represents the radius of the geoid; Rs the radius of the spheroid in the 
Earth’s sector to be studied. In the case of equilibrium:

C = 0. (5)

This definition is both acceptable and convenient for measuring the degree 
of geoid decline from its equilibrium state and can determined directly from 
gravity data according to the well-known Stokes’ formula [G r u s h in s k y  1963]

C ( F 0 , V o ’ A o )
1 ГГ

2 nyR . .
(s)

Ag(R, <p, X)F(<F)ds, (6)

where R, cp, X are the spherical coordinates of a variable point over the surface 
of the Earth taken as a sphere of radius R ; R0, <p0, X0 the spherical coordinates 
of the point under investigation; Ag(R, tp, X) gravity anomalies; у the mean value 
of normal gravity over the surface of the Earth; dj an element of the Earth’s 
surface;

F(KF) = cosec —
<// 4>

6 sin — + 1 — 3 cos F  In (sin---- 1- sin"
2 2

4>—) — 5 cos *F

Stokes’ function and the angle are determined from the equation

cos 4* = sin (p sin (p0 + cos (p cos (pо cos (X -  20) (8)
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Thus, to attain geoisostasy it is necessary to put into effect two conditions 
determined by expressions (3) and (5). It is pointed out that even though it is 
not absolutely essential to introduce the term “geoisostasy” since isostasy also 
describes the model of the Earth’s equilibrium proposed by us in practice 
isostasy has previously been taken to be the model of hydrostatic balance of the 
Earth’s crust (lithosphere) according to Archimedes and to Pascal’s law.

3. Geoisostasy and tectonics

From the above-introduced model of geoisostasy it follows that all sorts 
of redistributions of masses are closely associated with changes in the equili
brium state of the Earth. To establish this interdependence we must turn to the 
rotation hypothesis of the tectonic structure formation in the Earth’s crust 
which gave rise to the following scheme [Tyapkin 1977]:

a) an interaction of the Earth and its surroundings changes in the rotation
al regime and in particular leads to variations in the spatial position of the Earth 
relative to its axis of rotation;

b) the equilibrium state changes to imbalance, and stresses appear to 
restore equilibrium corresponding to the new rotational regime of the Earth;

c) being influenced by the stresses, redistribution of masses occurs which 
leads to minimizing those stresses. In turn, mass redistribution results in tectonic 
formations accompanied by certain geological processes in the upper layers of 
the Earth usually called the tectonosphere.

Thus the essential tectonic forces are those which tend to bring our planet 
to an equilibrium state, i.e. the geoisostatic forces.

Figure 2 shows scheme of a geoid with homogeneous upper layer formed 
by the reorientation of the Earth relative to its axis of rotation which towers 
over the concentric spheroid. The character of stresses associated with this 
process and the process of their relaxation were discussed earlier [Tyapkin 1977, 
Tyapkin 1981]. In the given case, we would just like to compare the deviations 
between geoid and corresponding spheroid, having obtained from the rotation 
hypothesis of the structure formation and those calculated by Zhongolovich 
[1952] from gravity data {Fig. 3)

Analysis of Figs. 2 and 3 leads to a number of important conclusions, viz.
a) the scheme of geoid undulation caused by the Earth’s reorientation 

relative to the axis of its rotation regionally almost completely agrees with that 
calculated from gravity data.

b) the good agreement between the two pictures may be considered as one 
of the key factors in determining the laws of tectonic deformations of the Earth’s 
ellipsoid [Tyapkin 1981];

c) lack of correlation between geoid undulation and distribution of con
tinents and oceans (Fig. 3) demonstrates that the topographic masses cannot 
be adopted as the decisive factor in reaching geoisostasy.

Let us now turn to the processes aiming to bring the Earth into equilibrium.
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Fig. 2. Scheme of geoid’s deviations from the spheroid according to the rotation hypothesis of
structure formation 

1 — geoid; 2 — spheroid

2. ábra. A geoidnak a szferoidtól való eltérései a rotációs szerkezetképződési hipotézis szerint
1 — geoid; 2 — szferoid

Puc. 2. Схема отклонений геоида от сфероида по гипотезе вихревого образования
структур

1 — геоид; 2 — сфероид

On the ground of the variational principle of minimum action, Klushin [1963] 
showed that within sufficiently large sectors the local changes of the Earth’s 
radius should be accompanied by vertical density redistributions.

Density redistribution inside the Earth’s sector cut off by spatial spherical 
angles AQ is regulated by the law of conservation of momentum i.e. by its 
kinetic energy of rotation. It is a fourth degree function of the distance between 
the masses and the centre of the planet. Thus, it is of essential importance for 
geospheres at a distance from the centre of more than 0.8 of the Earth’s radius. 
Almost half the kinetic energy and the momentum determined by masses 
concentrated at depths from 0 to 700-900 km, i.e. at the interval corresponding 
to the tectonosphere. All these considerations make it clear that the geological 
development of the upper layers of the Earth must have been directed towards 
making the regions with £<0 “heavier” and the regions with £>0 “lighter”.
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Fig. 3. Scheme of geoid undulation calculated from gravity data [Zhongolovich 1952]

3. ábra. A gravitációs adatokból számított geoid undulációk [Zhongolovich, 1952]

Рис. 3. Схема ондуляций геоида, рассчитанных по гравиметрическим данным
[Жонголович, 1952]

What are the most probable physical and geological processes taking part in 
setting up geoisostasy? The loading of geoid fragments may be achieved by the 
following processes: the uplift of the Earth’s crust blocks; glaciation; filling up 
the lowered parts of geoids with water; “saturation” of the upper parts of the 
Earth's crust by more dense basaltoids and ultrabasites (formation of dykes); 
formation of plateau basalts; upward displacement of the Moho discontinuity 
as a result of basalt-eclogit type phase transition.

The unloading of geoid fragments takes place by means of: subsidence of 
the Earth’s crust; denudation of the Earth’s crust or melting of the ice accu
mulated in previous epoch of glaciation; filling of the upper parts of the Earth’s 
crust with lighter magmatic formations of acidic composition; downward dis
placement of the Moho discontinuity as a result of basalt-eclogit type phase 
transition.

Without proceeding with this enumeration, it remains to note that all the 
masses capable of displacement including the subsurface waters and atmo
sphere, take part in the restoration of the disturbed equilibrium. And though 
their contribution to the balancing processes is small, they are of importance 
in investigating nature and the laws governing those phenomena.
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EGY ÚJ IZOSZTATIKUS FÖLD-MODELL

K F. TYAPKIN

A javasolt új modell a geoizosztatikus modell azon a feltételezésen alapul, hogy az egyenlő 
térszöget elfoglaló Föld-szektorok egyenlő súlyúak. A Föld egyensúlyát jellemző kritériumnak a 
geoid és a megfelelő szferoid közötti eltérést tekinthetjük. Ezen feltevés alapján az egyensúly 
kvantitatív vizsgálata a gravitációs anomáliák segítségével végezhető.

НОВАЯ МОДЕЛЬ ГЕОИЗОСТАЗИИ

К. Ф. т я п к и н

Ставится вопрос о неправомерности использования традиционных моделей изостазии 
земной коры (литосферы) в связи с тем, что в них искусственно обособляется эта часть Земли 
от всей остальной планеты.

Предлагается новая модель геоизостазии, в основе которой лежит выполнение условия: 
равный вес секторов Земли, вырезанных одинаковыми центральными телесными углами. 
Критерием уравновешенности Земли в каждой точке могут служить отклонения геоида от 
соответствующего ему сфероида. Одним из достоинств такого подхода является возмож
ность количественной оценки равновесного состояния отдельных участков Земли по гравита
ционному полю.


